The giant body muscle cells of the nematode Ascaris lumbricoides show a complex three dimensional array of intermediate filaments (IFs) for the speculation that nuclear lamins and cytoplasmic IF proteins arose in eukaryotic evolution from a common lamin-like predecessor.
The giant body muscle cells of the nematode Ascaris lumbricoides show a complex three dimensional array of intermediate filaments (IFs) (Lewis and Cowan, 1986) .
Vertebrate cytoplasmic IF proteins and the nuclear lamins display related rod domains (Fisher et al., 1986; McKeon et al., 1986 ; see also Hoger et al., 1988) which reveal the terminal consensus sequences earlier delineated in comparisons of the various IF subtypes (Geisler and Weber, 1982, 1986; Hanugoklu and Fuchs, 1983; Steinert et al., 1983) . Some nuclear lamins can be forced in vitro to form IF structures and at least the nuclear lamina of the Xenopus oocyte is built from ordered meshworks of IF-related filaments (Aebi et al., 1986) , which seem to arise from a single lamin species (Stick, 1988) . These relations between a nuclear and a cytoplasmic structure have led us and others to speculate that lamins and cytoplasmic IF proteins arose from a common lamin-like progenitor in early eukaryotic evolution Bartnik et al., 1987b; Franke, 1987a; Myers et al., 1987; Steinert and Roop, 1988) . Any evaluation of this speculation requires sequence data on invertebrates. The first and still only sequence of an invertebrate lamin, that of the arthropod Drosophila, emphasized a clear relation to the lamins of vertebrates (Gruenbaum et al., 1988; see also Hoger et al., 1988 
Introduction
In a higher vertebrate at least 34 distinct proteins can act as structural elements of the various cytoplasmic intermediate filaments (IFs) , which are one of the three major fibrous elements (for reviews see Osborn and Weber, 1986; Steinert and Roop, 1988) . Although the evolutionary origin of the complexity of vertebrate IF proteins is not understood, biochemical and immunological studies on nematodes, molluscs and annelids (Bartnik et al., 1986 (Bartnik et al., , 1987a (Bartnik et al., 1987b (Fisher et al., 1986; Krohne et al., 1987; Gruenbaum et al., 1988; Hoger et al., 1988; Stick, 1988; Vorburger et al., 1989) , 1986; McKeon et al., 1986) . Arrowheads pointing down or up mark the starts and ends of coils la, lb and 2 (for orientation see Figure 2 ). Note the six extra heptads (42 residues) in the coil lb segment of the rod domains of the lamin and the Ascaris protein, which introduce a large gap in the corresponding vimentin sequence. Minor length variations are seen in spacer 1 (between coils la and b) for vimentin and in spacer 2 (between coil lb and 2) for all three proteins. Only identical residues are marked (vertical lines). Note the high density of identical residues at the ends of the rods (early coil la and end of coil 2), where lamins and IF proteins show the same consensus type sequences (see Results). Over most of the remaining parts of the rods sequence principles rather than actual sequences are conserved. The extra six heptads found in lamin and IF-B of Ascaris show low homology (see text).
The complete protein sequence of Ascaris IF-B shown in Figure 2 is based on extensive automated sequencing of fragments obtained by chemical cleavage and secondary peptides derived from them (see Materials and methods). The calculated mol. wt of 67 752 daltons is in fair agreement with the previous estimate of 63 kd based on gel electrophoresis (Bartnik et al., 1986 ). Although the sequence shows several potential cleavage sites for thrombin, this enzyme splits the native B molecule primarily at Arg 22, which is located in the head domain. The N-terminal thrombic peptide as well as secondary fragments derived from it were of great help in identification of the sequence at the blocked N-terminal end. The identification of residues 1 and 2 as serine and leucine respectively, is so far based only on the amino acid compositions of the peptides carrying the blocking group. Since N-acetylated hydroxyamino acids are common at the end of many IF proteins (see for instance Weber et al., 1988) , we have tentatively assigned serine to position 1 (Figure 2 (Geisler and Weber, 1982; Hanugoklu and Fuchs, 1983; Steinert et al., 1983 (Franke, 1987b; Hoger et al., 1988 The high homology segment of 118 residues is defined in Figure 4a .
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The Figure 4a and b) . Due to these larger gaps, and the lack of the 23 C-terminal residues, we could not make a stronger case for the lamin-invertebrate IF protein relationship in our earlier study on the Helix protein (Weber et al., 1988) .
The head domain of Ascaris IF-B shows no striking sequence relationship when compared with the proteins present in the databank (last entry: April 1989). There is also no obvious relationship to the rather short head domains of the nuclear lamins (for sequence summaries see Hoger et al., 1988) . There is, however, a noticeable homology between the head domains of Ascaris IF-B and H.pomatia (Weber et al., 1988 (Figure 2 ). Over these two large domains A shares 55% sequence identity with B. Particularly high homology is seen in coil la, the carboxyl part of coil lb, most of coil 2, and the entire tail region. The first part of coil lb, which also includes the six extra heptads of invertebrate IF proteins, shows noticeably lower homology. Along these 42 residues there are only 11 identical positions (26% sequence identity).
An additional but much shorter region of low homology is spacer 2, which separates coils lb and 2. This region is known from studies of vertebrate IF proteins to tolerate both sequence and length changes (Geisler and Weber, 1982, 1986) . Here proteins A and B differ in length by one residue (Figure 2) . Over the entire tail domain protein A is closely related to B and shows the striking homology with the nuclear lamins described above (compare Figures 2 and 4a) . The two IF proteins also show functional similarity. Each protein forms normal homopolymeric filaments when the urea is removed by dialysis against assembly buffers ( Figure 5 ).
The head domain of A is still poorly characterized due to the fact that its N terminus is blocked. Thus we do not know whether the extra mass of A versus B arises solely from this domain and/or from an as yet unrecognized extension of the tail sequence so far established. Since the lack of this information does not interfere with the general picture emerging from the invertebrate IF sequences (see Discussion), a further characterization of A could be postponed.
Discussion
The complex three dimensional IF array documented by serial sections of the giant body muscle cells in the nematode A. lumbricoides (Bartnik and Weber, 1987 ) is built from two major structural proteins (Bartnik et al., 1986) . We have now shown by protein sequencing that A and B are highly homologous proteins, which share 55 % sequence identity over their rod and tail domains. In contrast to the nonneuronal IF proteins of the gastropod H.pomatia (Weber et al., 1988) (Pruss et al., 1981; Geisler et al., 1983; Bartnik et al., 1987a; Magin et al., 1987) . Its presence, with minor variations, in both Ascaris proteins (Figure 2 ) explains their IFA reactivity (Bartnik et al., 1986) .
Our results on sequences of invertebrate IF proteins (Weber et al., 1988 ; this study) provide the first direct support for the previous speculation Bartnik et al., 1987b; Franke, 1987a; Myers et al., 1987; Steinert and Roop, 1988) (Table I) .
The sequence alignment of the tail domains requires the introduction of a deletion of -15-20 residues for the invertebrate IF proteins (Figure 4a ). The corresponding stretch in the nuclear lamins displays four consecutive basic residues. They are part of the translocation signal, which is responsible for the nuclear entry of the lamins (Loewinger and McKeon, 1988) . That the length of the karyophilic signal sequence exceeds 10 residues is shown by several recent reports (e.g. see Kleinschmidt and Seitner, 1987; Rihs and Peters, 1989 and (Figures 2 and 4a) . Interestingly, the relative position of the C-terminal end of the IF proteins coincides with the point where Drosophila lamin and the small lamins of the vertebrates diverge in sequence, since the latter proteins show a stretch of consecutive acidic residues. Thus the IF proteins also lack the lamin consensus motif CXXM situated at the C-terminal end (Hoger et al., 1988; Stick, 1988; Vorburger et al., 1989) . Given reports on isoprenylation (Beck et al., 1988; Wolda and Glomset, 1988 ; see also Treston and Mulshine, 1989) and 0-methylation (Chelsky et al., 1987) of lamins, we expect in analogy with yeast a-factor (Anderegg et al., 1988; Clarke et al., 1988) (Kretsinger, 1987 (Weber et al., 1988) . 
